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Abstract
Background: Despite limited research, some evidence suggests that examining substance use at
multiple levels may be of greater utility in predicting sexual behavior than utilizing one level of
measurement, particularly when investigating different substances simultaneously. We aimed to
examine aggregated and event-level associations between three forms of substance use—alcohol,
marijuana, and club drugs—and two sexual behavior outcomes—sexual engagement and
condomless anal sex (CAS).
Method: Analyses focused on both 6-week timeline follow-back (TLFB; retrospective) and 30day daily diary (prospective) data among a demographically diverse sample of 371 highly
sexually active HIV-positive and HIV-negative gay and bisexual men.
Results: Models from both TLFB and diary showed that event-level use of alcohol, marijuana,
and club drugs was associated with increased sexual engagement, while higher aggregated
frequency marijuana and any frequency club drug use were associated with decreased sexual
engagement. Event-level use of club drugs was consistently associated with increased odds of
CAS across both TLFB and diary models while higher frequency marijuana use was most
consistently associated with a lower odds of CAS.
Conclusions: Findings indicated that results are largely consistent between retrospective and
prospective data, but that retrospective results for substance use and sexual engagement were
generally greater in magnitude. These results suggest that substance use primarily acts to
increase sexual risk at the event-level and less so through individual-level frequency of use;
moreover, it primarily does so by increasing the likelihood of sex on a given day with fewer
significant associations with the odds of CAS on sex days.
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1. Introduction
A large body of literature has emerged in recent decades examining the influence of
substance use on sexual risk-taking—particularly among gay, bisexual, and other men who have
sex with men (GBMSM), who remain disproportionately affected by HIV (Centers for Disease
Control and Prevention, 2014). One potential influence contributing to the elevated risk of HIV
infection among GBMSM is substance use (Koblin et al., 2006). Numerous reviews have
provided evidence for this association (Drumright et al., 2006b; Halpern-Felsher et al., 1996;
Leigh and Stall, 1993; Vosburgh et al., 2012), but inconsistencies in the operationalization of
substance use and sexual behavior—particularly regarding types of substance and sexual
behaviors as well as the level of analysis—have limited researchers’ ability to reliably predict
this association.
Studies have traditionally examined this association using one of two levels of analysis
(Leigh and Stall, 1993). Aggregate or global association studies typically examine the overall
frequency of substance use and overall frequency of sexual behavior over a specified time period
(Drumright et al., 2006b; Leigh and Stall, 1993; Scott-Sheldon et al., 2013; Shuper et al., 2009).
In contrast, event-level analyses examine substance use and sexual events as each occurs using
repeated measurements (e.g., daily diaries, ecological momentary assessment) over time,
capturing not only their relative frequency but also their co-occurrence (Parsons et al., 2013a,
2013b). Given the ability to examine co-occurrence, there is a preference for event-level
analyses in providing greater support for causal hypotheses. By nature of their designs, these two
types of data answer somewhat different questions. Global studies of aggregated substance use
tend toward between-person comparisons focused on differences among users and non-users or
the amount of use compared with others. In contrast, event-level studies tend toward within-

person comparisons, examining individuals’ behaviors on days on which they had and had not
used substances.
Global association studies typically suggest a positive association between aggregate
substance use and sexual risk behaviors in the general population (Leigh and Stall, 1993) as well
as among GBMSM, with positive associations found between condomless anal sex (CAS) and
frequent alcohol use (Morin et al., 2005; Tawk et al., 2004), heavy alcohol use (Colfax et al.,
2004; Koblin et al., 2003; Woody et al., 1999), and any use of marijuana (Koblin et al., 2003) or
club drugs, including cocaine, MDMA/ecstasy, methamphetamine, GHB, and ketamine (Colfax
et al., 2005; Drumright et al., 2006b; Klitzman et al., 2002; Koblin et al., 2003; Purcell et al.,
2001, 2005; Rusch et al., 2004; Woody et al., 1999). In addition to increased risk of CAS, recent
studies continue to support associations between global alcohol and drug use and an increased
number of sexual partners (Greenwood et al., 2001; Klitzman et al., 2002; Pollock et al., 2012).
For example, Klitzman and colleagues found that, compared to low frequency MDMA users,
higher frequency MDMA users had more sex partners and more “one night stands” (Klitzman et
al., 2002). Although much of the literature on global alcohol consumption suggests a linear
relationship with CAS among GBMSM, some evidence suggests that high levels of club drug
use may be associated with lower risk of CAS compared to moderate users (Colfax et al., 2005).
Prior to the mid-1990s, event-level research tended toward examining associations
between alcohol and sexual risk (Leigh and Stall, 1993), with more recent research including
event-level associations of other substances, though results have been mixed (Leigh, 2002; Leigh
and Stall, 1993; Weinhardt and Carey, 2000). For example, a meta-analysis of event-level
alcohol consumption and condom use revealed a significant amount of heterogeneity across
studies, with findings suggesting a slightly higher odds of condomless sex after drinking (Leigh,

2002). More recent event-level research continues to find mixed results, as demonstrated in
recent reviews of event-level studies among GBMSM (Vosburgh et al., 2012; Woolf and Maisto,
2009). These reviews revealed inconsistent findings for non-binge alcohol use (Vosburgh et al.,
2012; Woolf and Maisto, 2009), some club drugs, and marijuana (Vosburgh et al., 2012). The
most consistent associations with CAS were found for heavy alcohol consumption (i.e., five or
more drinks for men; National Institute on Alcohol Abuse and Alcoholism, 2004) and
methamphetamine use (Vosburgh et al., 2012). Overall, these reviews suggest some forms of
event-level substance use in the context of sexual behavior are associated with increased risk for
CAS though, as mentioned previously, findings have been inconsistent.
Several potential reasons exist for the observed discrepancies in the literature, including
the type of substance investigated, the method of data collection (e.g., retrospective,
prospective), the method of assessment (e.g., overall frequency, TLFB), characteristics of the
sample, specification of the drug use and sex variables (e.g., any use/behavior, frequency of
use/behavior, severity of use/risk of behavior), and the type of analysis performed. Some
evidence suggests that examining substance use at multiple levels may be of greater utility in
predicting sexual risk behaviors compared to utilizing a single level of measurement (Rusch et
al., 2004) and that adjusting for aggregate substance use may reveal consistent associations with
sexual behavior across levels of measurement (Colfax et al., 2004). As such, one potential
method to alleviate the discrepancies found in the literature is to simultaneously examine both
aggregate global substance use and event-level use within the same models, though this type of
analysis is underrepresented in the literature to date with a few exceptions (Arasteh et al., 2008;
Colfax et al., 2004; Cooper, 2002; Corbin and Fromme, 2002; Purcell et al., 2005; Shuper et al.,
2009). In one study examining both levels simultaneously, researchers found a positive

association between event-level alcohol consumption and condomless sex but no effect for
aggregate global level alcohol use among college students during their first sexual encounter
(Corbin and Fromme, 2002). In contrast, a study of GBMSM found heavy alcohol use as well as
amphetamine, cocaine, and amyl nitrate (i.e., poppers) use at the global level were positively
associated with serodiscordant CAS and, at the event-level, both heavy alcohol consumption and
any use of drugs before or during sex were positively associated with increased risk of
serodiscordant CAS (Colfax et al., 2004).
In addition to demonstrating the importance of carefully operationalizing the type of
substance and sexual behavior being examined and investigating multiple levels of influence
simultaneously, previous research has also called for the use of standardized and detailed
measures of substance use and sexual risk (Vosburgh, 2012). Both time-line follow back (TLFB)
and daily diary data collection methods have become increasingly popular for assessing eventlevel substance use and sexual behavior, though some evidence from studies on smokers
suggests that TLFB and daily diary data may only be moderately correlated (Griffith et al., 2009;
Shiffman, 2009).
1.1. Present Study
Given the challenges identified in the literature to date, the aim of this study was to
examine both aggregate and event-level associations between substance use and sexual behavior
simultaneously. In doing so, we examined three different forms of substance use—alcohol,
marijuana, and club drugs—and two sexual behavior outcomes—daily sexual engagement and,
among days in which sex occurs, CAS. Moreover, we compared the same models from both a
retrospective behavioral interview (i.e., TLFB) and a prospective online daily diary. We
conducted these analyses using a sample of HIV-negative and HIV-positive highly sexually

active gay and bisexual men (GBM). Evidence suggests that more frequent sexual activity is
associated with increased risk of CAS (Prestage et al., 2009), yet the influence of substance use
on sexual risk among GBM who are highly sexually active has not been thoroughly examined.
As such, these men may be particularly vulnerable to HIV transmission when using alcohol or
drugs and make an ideal target for investigation of this topic.
2. Method
Analyses for this paper were conducted on data from Pillow Talk, a study of highly
sexually active GBM in New York City (NYC). Of the 376 men who enrolled in the project, four
completed no daily diaries and one provided insufficient demographic data for inclusion in
analyses, resulting in an analytic sample of 371 men. All 371 men in this sample provided a
complete 42-day, retrospective TLFB interview, and as such the TLFB analyses focus on a
sample of 15,582 days. Participants opened and provided some data for 8,409 prospective daily
diary entries, from which 8,238 (98.0%) contained sufficient data for the present analyses,
resulting in a median completion rate of 83%. Due to technical error, 101 days’ (1.2%) worth of
data on alcohol consumption were randomly missing across 41 participants’ diary reports, and as
such the final analytic sample for diary analyses consists of 8,137 days.
2.1. Participants and Procedures
Potential participants completed a phone-based screening interview to assess eligibility,
which are described elsewhere (see Parsons et al., 2013c). Participants who met preliminary
eligibility completed an Internet-based computer-assisted self-interview (CASI) at home,
followed by an in-person baseline appointment. The data for this paper were collected as part of
the retrospective TLFB interview conducted in the office at baseline as well as a 30-day
prospective online daily diary beginning the day after the baseline appointment. Participants

received a unique link to complete their diaries each night starting on the first day following their
baseline appointment and continuing for 30 days. All procedures were reviewed and approved by
the Institutional Review Board of the City University of New York.
2.2. Measures
Within the CASI from home prior to the baseline appointment, participants reported
demographic characteristics, including sexual identity, age, race/ethnicity, education, and
relationship status.
2.2.1. Timeline follow-back interview.
Participants completed a retrospective TLFB interview (Sobell and Sobell, 1992, 1992b)
at baseline for the 6-weeks (i.e., 42 days) prior. Using a computerized TLFB calendar, a research
assistant coded for whether any substance use or sexual activity occurred on a given day. On
days when substance use occurred, the type of drug (i.e., marijuana, ketamine, MDMA/ecstasy,
GHB, cocaine/crack, or methamphetamine) and the presence of heavy drinking (i.e., five or more
alcoholic drinks) were coded. On days when sex occurred, detailed behavior was recorded for
each sex partner, including the types of sexual behavior with that partner (e.g., oral sex, anal sex
with and without a condom).
For each day, we created three dichotomous indicators of whether the participant had
engaged in: (1) heavy drinking, (2) marijuana use, or (3) club drug use (i.e., ketamine,
MDMA/ecstasy, GHB, cocaine/crack, or methamphetamine)—these variables were used as
event-level (i.e., Level 1) indicators of substance use within models of the TLFB data.
We also aggregated the three daily substance use indicators above to the individual level
to serve as global frequency variables of each substance. Because the sample contained a large
proportion of non-users of each substance (43% for heavy drinking, 50% for marijuana, and 63%

for club drugs) and because we suspected possible non-linearity in the association between usage
frequency and sexual behavior, we recoded these variables into trichotomous categorical
variables, consistent with prior research (Colfax et al., 2004). Specifically, for each of the three
substances the variables indicated that they were non-users or, among users, lower or heavier
frequency users based on a median split. These variables were used as indicators of aggregated
(i.e., Level 2) frequency of use in both TLFB and daily diary models (see 2.2.2.).
Because substance use is a day-level variable, for the purposes of this manuscript,
partner-level sexual behavior data was aggregated to the day level. Specifically, we created two
variables to be used as the outcomes within models focused on the TLFB data: (1) a dichotomous
indicator of whether any sexual activity with a casual partner occurred that day and (2) a
trichotomous indicator of whether the participant engaged in no sex, sexual activity without CAS
(e.g., mutual masturbation, oral sex, anal sex with a condom), or sexual activity with CAS that
day. These variables were used as the outcomes of the models focused on TLFB data. For the
purposes of demonstration within descriptive analyses (i.e., Table 2), we also calculated an
individual-level dichotomous indicator of whether or not each participant had engaged in any
CAS over the course of the TLFB as well as the number of times the participant engaged in CAS
during the 42-day TLFB. We focused exclusively on casual sexual behavior as a result of the low
number of partnered men in the sample, the high number of casual partners for all participants,
and the different role that substance use is likely to play in influencing sex with main versus
casual partners.
2.2.2. Daily diary.
The diary measure was based on previous studies conducted with GBM (Grov et al.,
2010; Mustanski, 2007, 2007b). Each day, participants reported on their substance use and,

consistent with the TLFB data, we calculated three dichotomous indicators of whether the
participant had engaged in heavy drinking, used marijuana, or used club drugs each day. These
variables were used as the event-level (i.e., Level 1) substance use predictors in models of the
daily diary data. Following those sections, participants were asked whether they had engaged in
any sexual activity with another person and, if so, were asked a series of questions for each
partner they reported for that day. Consistent with the TLFB data, we recoded all of the casual
partner-level data into two day-level variables: (1) a dichotomous indicator of sexual engagement
and (2) a trichotomous variable indicating whether the participant engaged in no sex, sexual
activity without CAS, or sexual activity with CAS, each focused only on casual partners for that
day. These two variables were used as the outcomes within models focused on daily diary data.
For the purposes of demonstration within descriptive analyses (i.e., Table 2), we also calculated
an individual-level dichotomous indicator of whether or not each participant had engaged in any
CAS over the course of the daily diary. There are inherent problems with aggregating daily diary
data due to unbalanced number of reports resulting from missing data, and thus we used the
frequency of substance use variables from the TLFB as the aggregate-level (i.e., Level 2)
predictors within the models of the daily diary.
2.3. Data Analysis
We began by utilizing descriptive statistics to characterize the demographic makeup of
the sample. Next, we examined the correspondence between the aggregate-level frequency of
substance use variables (i.e., heavy drinking, marijuana, and club drugs) from the TLFB and the
individual-level indicators of whether or not participants reported any CAS with casual partners
over the course of the 42-day TLFB and 30-day diary cycles utilizing Chi-square statistics as
well as the number of CAS acts from the TLFB using Kruskal-Wallis tests.

We next ran a series of multilevel models, with event-level dichotomous indicators of
heavy drinking, marijuana, and club drugs at Level 1 and individual-level aggregated frequency
of use for each substance as a trichotomous variable (lower and heavier frequency versus nonuse as the referent group) at Level 2. For the first outcome—whether or not participants engaged
in any sexual activity on a given day—we utilized a binary logistic outcome for TLFB (Model 1)
and daily diary (Model 3) data. For the second outcome—with the goal of comparing CAS
versus no CAS among sex days—we analyzed the trichotomous variable indicating whether the
participant had no sex, sex without CAS, and sex with CAS using a multinomial logistic
outcome for TLFB (Model 2) and daily diary (Model 4) data. Though we utilized the
multinomial model for statistical reasons in order to calculate estimates using all available data
rather than limiting the analytic sample to only sex days, only the comparison between sex with
and without CAS was of substantive interest, and thus the comparison with non-sex days is not
reported (Models 1 and 3 contain the comparison of sex versus non-sex days). Finally, in order to
create and plot marginal probabilities based on the models, we also examined each set of models
with an interaction between day-level use and individual-level high frequency of use to allow the
impact of day-level use to differ for heavier versus lower frequency users. All models included
each of the three substances’ event-level (Level 1) and aggregate individual-level (Level 2)
variables entered together to adjust for each other’s effects, were run utilizing a random
intercept, and were adjusted for HIV-positive status, relationship status, and day of cycle (i.e., 1
through 42 for TLFB, 1 through 30 for diary) to adjust for any confounding effects.
3. Results
As can be seen in Table 1, the sample was demographically diverse with regard to most
characteristics. The sample consisted of approximately half GBM of color, a full range of

employment statuses, a wide variety of educational attainments, and was nearly evenly split
between HIV-positive and negative men. In contrast, a majority of the sample was gay-identified
and single. While marijuana was the substance used most frequently on average in the 42-day
TLFB, heavy drinking had the highest median use, suggesting more people engaged in heavy
drinking but that marijuana use occurred more frequently among users. Among only those who
used each substance, the medians used to split the lower and higher frequency use groups were
6.0 days of heavy drinking, 9.0 days of marijuana use, and 4.0 days of club drug use.
3.1. Aggregate-Only Analyses
Table 2 presents aggregated data regarding the three levels of substance use frequency—
no use, lower use, and heavier use—and their association with individual-level dichotomous
indicators of CAS from the TLFB and the daily diary as well as the number of CAS acts from the
TLFB. Overall, drug use frequency was not significantly associated with any of the aggregated
dichotomous indicators of CAS from TLFB or diary. Higher club drug use frequency was
significantly associated with a greater number of CAS acts from the TLFB.
3.2. Simultaneous Models of Aggregate and Event-Level Substance Use
Table 3 displays the four multilevel models run. Examining sexual engagement (Models
1 and 3), results revealed significant, positive associations for event-level use of each substance,
with use of each substance being associated with at least twice the odds of engaging in sexual
behavior on a given day. Across both TLFB and daily diary, club drug use had the strongest
effect and the model for the TLFB data (Model 1) showed a stronger association for event-level
club drug use than the daily diary model (Model 3).
Focusing on the association between aggregate-level frequency of use and sexual
engagement, models for TLFB (Model 1) and daily diary (Model 3) both showed significant,

negative associations between higher frequency marijuana use, lower frequency club drug use,
and higher frequency club drug use (all compared to non-use), with each being associated with at
least a 35% reduction in the odds of engaging in sexual behavior on a given day. The model for
the TLFB data (Model 1) again revealed stronger effects than the daily diary model (Model 3)
across all effects except that for lower frequency club drug use, which was identical across
models. Moreover, within the model for the TLFB data (Model 1), both lower and higher
frequency heavy drinking (compared to non-heavy drinkers) were significantly associated with a
decreased odds of sexual engagement on a given day.
We next examined the association between event-level substance use and engaging in
CAS (versus engaging in sexual activity without CAS) and found that the only consistent finding
between the TLFB (Model 2) and daily diary (Model 4) data was the effect of daily club drug
use. Specifically, in both models the use of club drugs on a sex day was associated more than
twice the odds of engaging in CAS during sex. Additionally, the model of the TLFB data (Model
2) suggested that use of marijuana on a sex day was associated with a 58% increase in the odds
of CAS without corroboration in the model for the diary data (Model 4). Conversely, the daily
diary data (Model 4) suggested that heavy drinking on a sex day was associated with a 60%
increase in the odds of CAS without a similar finding from the TLFB (Model 2).
With regard to the role of individual-level aggregated frequency of substance use on
CAS, the only consistently significant effect across both the TLFB (Model 2) and daily diary
(Model 4) was that higher frequency marijuana use was associated with a 47% reduction in the
odds of CAS on a sex day. Similar to the event-level variables and CAS, each model also had
unique effects. Within the TLFB data (Model 2), higher frequency heavy drinking was

associated with 43% lower odds of CAS on a sex day and within the daily diary data (Model 4),
higher frequency club drug use was associated with 45% lower odds of CAS on a sex day.
Finally, to provide a clearer sense of how the impact of event-level substance use may
differ for different frequency users, Figure 1 graphically represents the marginal predicted
probabilities from the same four models above (Models 1 through 4) in which we added an
interaction term between event-level use of each substance and aggregated frequency of use. As
can be seen, event-level club drug use—the only event-level use variable significantly associated
with the outcome in all four models—was associated with a similar probability of engaging in
sex on a given day for both the lower and higher frequency club drug users in the TLFB model,
but more strongly increased the probability of sex for the higher frequency users in the diary
data. Moreover, both the lower and higher frequency club drug using groups had a lower odds of
sexual engagement on non-use (i.e., sober) days than did the non-use group across both models.
With regards to CAS, both the TLFB and diary models were more consistent—the impact of club
drug use on a sex day more strongly increased the odds of CAS for lower frequency users than
higher frequency users, and both of these groups had similar odds of CAS on non-use (i.e.,
sober) days as the non-using group.
4. Discussion
In this manuscript we examined the influence of individual-level aggregated frequency of
substance use and event-level use on a given day on daily sexual engagement and CAS
simultaneously for three different types of substances—heavy alcohol use, marijuana, and club
drugs—using both retrospective (i.e., TLFB) and prospective (i.e., daily diary) data among
GBM. When examined alone, the three aggregated frequency of use groups showed no
significant differences in aggregate tendencies to engage in CAS or not across the observation

period for any of the three drugs, though frequency of club drug user was associated with a
higher number of CAS acts in the TLFB. Results of the models in which aggregate individuallevel substance use was modeled simultaneously with event-level daily use generally suggested
positive associations with sexual behavior for event-level use—particularly club drugs—and
negative or null results for aggregated frequency of use, which we discuss in more detail below.
One of the most conceptually meaningful findings was that daily substance use was
strongly associated with sexual engagement on that day regardless of which substance was
examined and data collection technique (i.e., retrospective or prospective). When simultaneously
modeled (i.e., adjusted for one another), heavy drinking and marijuana use showed between a
two- and three-fold increase in the odds of sexual engagement on a given day, while club drug
use was associated with nearly a five- to ten-fold increase in the odds of having sex on that day.
Also consistent across both TLFB and diary data was the more than twofold increase in the odds
of CAS on a sex day when club drugs were used and the nearly 50% reduction in the odds of
CAS on a sex day for the highest frequency marijuana users.
Overall, these findings are consistent with other data regarding the role of event-level
substance use (Chiasson et al., 2007; Colfax et al., 2004; Drumright et al., 2006a; Lambert et al.,
2011), including a recent study of HIV-positive GBMSM that found daily alcohol and drug use
were both associated with an increased odds of anal intercourse and CAS while adjusting for
individual frequency of use (Kahler et al., 2015). However, unlike the research by Kahler et al.
and other studies, ours is one of the first to identify a reciprocal association between higher
frequency use and both sexual engagement and CAS while accounting for event-level use, which
was particularly true for marijuana, though also partially true for club drugs and heavy drinking
for sexual engagement as well as at least one of the models of CAS for each. These findings may

suggest that heavier frequency users—especially compared with non-users—may be
experiencing forms of impairment that actually diminish their ability or interest to engage in
sexual behavior in the first place, such as anhedonia (Safren et al., 2010), that may not be seen
without adjusting for the strong event-level influence of these substances. In fact, substance users
had lower likelihood of both sex and sexual risk on sober days than did non-users. Moreover,
most of these variables were unassociated with sexual behavior in the aggregate-only analyses
despite their negative association in the multilevel models with the exception of club drug use,
which was associated with CAS in the opposite direction in the aggregate-only and multilevel
analyses. The stronger event-level associations with sexual engagement than with CAS also
suggest that one of the strongest mechanisms through which substance use may act to influence
HIV risk behaviors is through increasing the odds of sex in general, coupled with a smaller but
still significant increase in the odds of CAS itself. This is somewhat consistent with previous
findings from a study by Mustanski (2008), who found alcohol use on a given day was
associated with an increased odds of sexual engagement but no association was found between
event-level alcohol use and CAS.
Although the findings above were largely consistent across data collection techniques
despite previous research (Griffith et al., 2009; Shiffman, 2009), it is also worth noting their
inconsistencies. First, TLFB models for sexual engagement showed stronger associations with
both aggregate and event-level substance use than the same models with daily diary data.
Moreover, more of the aggregate frequency variables were significant with the TLFB data. These
findings may highlight a methodological artifact, namely recall bias, whereby people are more
likely to remember events that occur together or to remember them as occurring together even if
they did not. In fact, one of the primary techniques in the TLFB interview is the use of anchor

dates, whereby participants are asked to use important markers on the calendar (e.g., parties,
holidays, vacations) to improve their ability to visualize and remember events. Alternatively,
this may suggest a bias in the daily diary data whereby participants are less likely to complete
diaries on days on which substances were used, thus potentially dampening the association
between use and sexual behaviors.
4.1. Limitations
It is important to note that while we believe the general consistency of these findings
across substances and data collection techniques highlights their applicability to broader groups,
this was a sample of highly sexually active GBM in New York City and thus generalizability is
limited. Although we investigated sexual behavior and substance use using two of the most
widely used and well-researched methods for retrospective (i.e., TLFB) and prospective (i.e.,
daily diary) data collection, they nonetheless may have been influenced by the biases inherent to
self-report as well as biases inherent to each—namely, recall bias for TLFB and imperfect
compliance (i.e., completion rates) for the diary. We investigated a total of four outcomes with
numerous predictors per model and may have slightly inflated the chances of Type I error.
However, nearly all effects were highly significant (many p-values were less than 0.001), and
thus believe the probability of false findings by chance alone is low.
Several contextual influences on sexual behavior, including the influence of partner
characteristics such as HIV seroconcordance, were unaccounted for in the present manuscript
and may meaningfully interact with substance use to influence sexual behaviors—future studies
are needed to investigate the role these contextual influences play in their interaction with
substance use. Finally, although we considered it a strength to be able to look at different levels
of use compared to non-users in this sample with varying profiles of use, future studies with

greater variability of substance use may wish to look at frequency of substance use as a count
rather than categorical variable—the use of median splits may have obscured some of the nuance
in the association but was chosen due to the lack of clearer guidelines regarding what constitutes
higher and lower frequency use. Moreover, the median split had the added benefit of creating
equally sized groups of lower and higher frequency users and, with a few exceptions, generally
produced results that were somewhat similar in effect across both groups in comparison with the
non-use group.
4.2. Conclusions
These findings highlight the role that dispositional and event-level substance use as well
as their interaction can play in sexual behavior and suggest that aggregating these effects to the
individual level may lead to inappropriate conclusions. Results indicated that findings are largely
consistent between retrospective and prospective data, but that retrospective results for substance
use and sexual engagement were generally greater in magnitude, suggesting the potential impact
of recall bias. These results suggest that substance use largely acts to increase sexual risk at the
event-level as opposed to through more dispositional tendencies towards use. Research aiming to
investigate the association between substance use and sex may result in contradictory findings
that result from methodological imprecision if aggregate data rather than event-level data are
used.
Consistent with previous research (Colfax et al., 2004; Rusch et al., 2004), these findings
suggest that it is imperative for HIV interventions to target substance use and incorporate
effective treatment approaches while considering the types of substances being used and
individual use patterns in order to reduce risk. Interventions might aim to target day-level factors
that increase both substance use and sexual risk and may as the mechanism through which

substance use influences sexual risk (e.g., stress, arousal, impaired cognition) in addition to
focusing on dispositional traits (e.g., self-efficacy). Identifying daily cues that trigger substance
use, along with other strategies based in cognitive behavioral therapy, such as daily selfmonitoring tools, may serve to both enhance self-awareness about the impact of use concurrent
with sex and provide tools to clinicians and interventionists to distinguish among the types of
substances used and use patterns that have the most impact on sexual risk behavior. Further, our
findings indicate that prevention approaches that target only individuals who are addicted to or
dependent on alcohol and drugs may miss those who use less frequently despite having similar
profiles of sexual behavior to more problematic users. This study helps to develop a more
comprehensive picture of substance use and sexual risk than previously offered and calls for
improved measurement models in future research to inform prevention approaches aimed at
substance use and HIV risk.
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Table 1.
Demographic characteristics of the sample.
n

%

Race/Ethnicity
Black

74

19.9

Latino

50

13.5

White

191

51.5

56

15.1

327

88.1

44

11.9

Full-time

117

31.5

Part-time

94

25.3

Multiracial/Other
Sexual Orientation
Gay
Bisexual
Employment Status

Student (unemployed)

31

8.4

127

34.2

2

0.5

High school diploma/GED or less

42

11.3

Some college or Associate's degree

113

30.5

Bachelor's or other 4-year degree

124

33.4

92

24.8

Positive

166

44.5

Negative

207

55.5

297

80.1

74

19.9

Unemployed
Not answered
Highest Educational Attainment

Graduate degree
HIV Status

Relationship Status
Single
Partnered

Age (Mdn = 35.0)

M

SD

37.0

11.5

Number of TLFB Heavy Drinking Days (Mdn = 2.0)

5.4

8.5

Number of TLFB Marijuana Use Days (Mdn = 1.0)

8.1

13.6

Number of TLFB Club Drug Use Days (Mdn = 0.0)

2.4

5.8

Table 2.
Bivariate associations between individual-level frequency of substance use and individual-level CAS.
Heavy Drinking
Lower
Higher
No Use
Frequency
Frequency
(n = 158)
(n = 94)
(n = 119)
χ2 (2)
n
%
n
%
n
%
Any CAS in TLFB
106
67.1
68
72.3
78 65.5
1.20, p = 0.55
Any CAS in Diary
90
57.0
57
60.6
65 54.6
0.78, p = 0.68

# CAS Acts in TLFB

Any CAS in TLFB
Any CAS in Diary

# CAS Acts in TLFB

Any CAS in TLFB
Any CAS in Diary

# CAS Acts in TLFB

Mdn
3.0

IQR
0, 8

No Use
(n = 185)
n
%
118
63.8
106
57.3
Mdn
1.0

IQR
0, 5

No Use
(n = 235)
n
%
150
63.8
136
57.9
Mdn
1.0

IQR
0, 5

Mdn IQR
1.0
0, 5
Marijuana
Lower
Frequency
(n = 91)
n
%
69
75.8
58
63.7

Mdn
1.0

Mdn
3.0

Mdn
2.0

IQR
0, 7

Club drugs
Lower
Frequency
(n = 66)
n
%
47
71.2
32
48.5
Mdn
2.0

IQR
0, 5

IQR
0, 5

H(2)
4.92, p = 0.09

Higher
Frequency
(n = 95)
n
%
65 68.4
48 50.5

χ2 (2)
4.07, p = 0.13
3.32, p = 0.19

IQR
0, 5

H(2)
4.17, p = 0.12

Higher
Frequency
(n = 70)
n
%
55 78.6
44 62.9

χ2 (2)
5.78, p = 0.06
3.01, p = 0.22

Mdn
4.0

IQR
1, 11

H(2)
11.51, p = 0.003

Note: Number of CAS acts was compared using a Kruskal-Wallis rank sum test (medians presented
for interpretability). Number of acts from the diary was not computed due to inability to account for
missing diary data when aggregating.

Table 3.
Multilevel models utilizing day-level and individual-level substance use to predict daily sexual engagement and
CAS with casual partners.
Timeline Follow-Back Combined Models
Model 1
Model 2
No Sex vs. Sexa
No CAS vs. CASb
b
AOR
95%CI
b
AOR
95%CI
Intercept
-0.77
0.47***
0.38, 0.57
-1.96 0.14*** 0.10, 0.20
Level 1: Event-Level Effects
Day-level heavy drinking
0.97
2.63***
2.28, 3.03
0.13 1.14
0.87, 1.50
Day-level marijuana use
1.30
3.66***
3.06, 4.38
0.46 1.58**
1.17, 2.13
Day-level club drugs use
2.39
10.88***
8.77, 13.50
0.81 2.25*** 1.63, 3.09
Level 2: Dispositional Effects
Frequency of heavy drinking: Lower
-0.35
0.70**
0.55, 0.90
-0.01 0.99
0.63, 1.57
Frequency of heavy drinking: Higher
-0.37
0.69**
0.54, 0.88
-0.57 0.57*
0.35, 0.91
Frequency of marijuana use: Lower
-0.18
0.84
0.65, 1.07
-0.04 0.96
0.61, 1.52
Frequency of marijuana use: Higher
-0.78
0.46***
0.35, 0.61
-0.64 0.53*
0.31, 0.89
Frequency of club drug use: Lower
-0.43
0.65**
0.50, 0.85
-0.05 0.96
0.58, 1.59
Frequency of club drug use: Higher
-0.86
0.42***
0.32, 0.56
-0.10 0.91
0.54, 1.53

Intercept
Level 1: Event-Level Effects
Day-level heavy drinking

b
-0.79
0.75

Daily Diary Combined Models
Model 3
Model 4
No Sex vs. Sexa
No CAS vs. CASb
AOR
95%CI
b
AOR
95%CI
0.46***
0.36, 0.58
-1.69 0.19*** 0.13, 0.27
2.12***

1.77, 2.54

0.47

Day-level marijuana use
Day-level club drugs use
Level 2: Dispositional Effects
Frequency of heavy drinking: Lower
Frequency of heavy drinking: Higher
Frequency of marijuana use: Lower
Frequency of marijuana use: Higher

0.85
1.60

2.34***
4.94***

1.93, 2.85
3.72, 6.56

0.31
0.94

-0.09
-0.10
-0.19
-0.43

0.91
0.90
0.83
0.65**

0.68, 1.22
0.67, 1.21
0.62, 1.11
0.47, 0.90

Frequency of club drug use: Lower
Frequency of club drug use: Higher

-0.43
-0.50

0.65**
0.61**

0.47, 0.91
0.43, 0.86

1.60**
†

1.19, 2.14

1.36
2.56***

0.98, 1.89
1.69, 3.86

0.10
-0.20
0.12
-0.63

1.10
0.82
1.13
0.53*

0.71, 1.72
0.52, 1.28
0.72, 1.77
0.32, 0.89

-0.48
-0.59

0.62†
0.55*

0.37, 1.04
0.32, 0.95

Note: †p ≤ 0.08; *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001. aBinary logistic regression; bMultinomial logistic regression
(only one of two comparisons shown). All models were adjusted for HIV-positive status and relationship status as
well as day of data collection (i.e., day of TLFB cycle or day of diary cycle). Comparison group for dispositional
substance use is the non-use group for each substance.

Figure Legend
Figure 1. Marginal probabilities of engaging in sexual activity and CAS based on individuallevel frequency of use and day-level use of substances from two logistic regressions utilizing
TLFB and daily diary data.
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